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ABSTRACT
The three conventional anthropometric indicators of childhood undernutrition
are stunting (low height-for-age), underweight (low weight-for-age) and wasting
(low weight-for-height). Recently a new composite index, namely the Composite
Index of Anthropometric Failure (CIAF) has been proposed and utilised to study
childhood undernutrition. In this paper, we have attempted to construct three
new indices of undernutrition, relative to the CIAF. These three indices are:
Stunting Index (SI) = Stunting / CIAF, Underweight Index (UI) = Underweight /
CIAF and Wasting Index (WI) = Wasting / CIAF. Furthermore, we have calculated
and compared these indices using our dataset as well as other existing datasets.
Using our dataset, the sex-combined values of SI, UI and WI were 0.364, 0.866 and
0.684, respectively. The corresponding values among boys were 0.364, 0.866 and
0.729. Among girls, they were 0.380, 0.866 and 0.641, respectively. When applied
to the all India dataset, the values of SI, UI and WI were 0.756, 0.788 and 0.266,
respectively. Similar values (SI = 0.723, UI = 0.681, WI = 0.294) were observed
when they were computed on data available from Coimbatore, South India. In
conclusion, we suggest that these three new indices provide additional
information on the prevalence of different forms of undernutrition relative to
the total level of undernutrition in a particular population.
Keywords: Composite Index of Anthropometric Failure, Stunting Index,
Underweight Index, Wasting Index

INTRODUCTION
Childhood undernutrition can be evaluated
anthropometrically (Lee & Nieman, 2003;
Bose et al., 2007). The three most commonly
used internationally recommended
anthropometric indicators are stunting (low
height-for-age), underweight (low weightfor-age) and wasting (low weight-for-height)
(WHO, 1995). While stunting (ST) reflects a
failure to reach linear growth potential due
to sub-optimal health and/or nutritional
conditions, underweight (UW) reveals low

body mass relative to chronological age,
which is influenced by both, a child’s height
and weight. ST is an indicator of chronic
undernutrition, the result of prolonged food
deprivation and/or disease or illness. UW
thus cannot distinguish between a child that
is small in weight relative to his/her height
and a child that is low in height relative to
his/her age, but who may be normal in
weight-for-height. On the other hand,
wasting (WS) is an indicator of acute
undernutrition, the result of more recent food
deprivation or illness; UW is used as a
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composite indicator to reflect both acute and
chronic undernutrition, although it cannot
distinguish between them (WHO, 1995).
However, because they overlap, none is able
to provide a comprehensive estimate of the
number of undernourished children in a
population; some children who are ST will
also have WS and/or be UW; some children
who are UW will also have WS and/or be
ST; and some children who have WS will
also be ST and/or UW (Nandy et al., 2005).
Svedberg(2000), a development economist,
argued that conventional indices are not
sufficient for measuring the overall
prevalence of undernutrition among young
children. He suggested that if children with
WS, ST or who are UW are all considered as
undernourished, or to be in a state of
anthropometric failure, a new aggregate
indicator is needed, one that incorporates
all undernourished children, be they WS
and/or ST and/or UW and proposed the
construction of a Composite Index of
Anthropometric Failure (CIAF). Based on
Svedberg’s model, Nandy et al. (2005) had
utilised the CIAF on Indian data and
recommended its use in preference to the
three conventional measures (ST, UW and
WS) of undernutrition. Nandy & Miranda
(2008) have further supported and validated
the use of CIAF in a more recent paper.
However, a recent report has highlighted
some shortcomings of CIAF (Bhattacharya,
2006). Moreover, although CIAF is an useful
composite measure, it fails to highlight the
individual contribution and importance of
ST, UW and WS relative to the overall
prevalence of undernutriton. In other words,
if we want to know what are the rates of ST,
UW and WS relative to the overall
prevalence of undernutrition, we require
three new indices. These new indices can
also give us information on the relative
significance and severity of these three
measures with respect to the total prevalence
of undernutrition.
The objective of our present study is to
construct three new indices of childhood

undernutrition. Furthermore, we have
calculated and compared these indices
using our dataset as well as other existing
datasets.
METHODOLOGY
The present study was undertaken during
the period November 2005 to December 2006
at 20 Integrated Child Development Services
(ICDS) centres in Bali Gram Panchayet,
Arambag, Hooghly District of West Bengal,
India. The study area consists of remote
villages located approximately 100 km. from
Kolkata, the capital of West Bengal. A total
of 1012 children (boys = 498; girls = 514)
aged 2-6 years were measured. Age and
ethnicity of the subjects were verified from
official records. Height and weight
measurements were taken on each subject
by one author (GM) following the standard
techniques by Lohman, Roche & Martorell
(1988). Three commonly used undernutrition indicators, that is, ST, UW and WS
as well as CIAF were used to evaluate the
nutritional status of the subjects.
Internationally accepted, the National Centre
for Health Statistics (NCHS) (Hamill et al.,
1979; WHO, 1983) age and sex specific – 2 zscores were followed to define ST, UW and
WS.
Z-scores were calculated following the
standard formula:
Z-score =

X − Median of NCHS
Standard deviation of NCHS

Where X is an individual value, three Zscores were calculated: HAZ = Height-forage Z-score; WAZ = Weight-for-age Z-score;
WHZ = Weight-for height Z-score
Based on WHO (1995), undernutrition
was defined as follows:
Stunting: HAZ < - 2SD (standard deviation);
Underweight: WAZ < - 2SD;
Wasting: WHZ < - 2SD.
For assessing the CIAF, Svedberg’s
(2000) model of six groups (stunted only,
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Table 1. Classification of children with anthropometric failure (CIAF)*
Group name

Description

A
B
C
D
E
F
Y

No failure
Wasting only
Wasting and underweight
Wasting, stunting & underweight
Stunting & underweight
Stunting only
Underweight only

Wasting

Stunting

Underweight

No
Yes
Yes
Yes
No
No
No

No
No
No
Yes
Yes
Yes
No

No
No
Yes
Yes
Yes
No
Yes

* Classification following Nandy et al. (2005).

under-weight only, wasted only, wasting
and underweight, stunted and underweight and lastly stunted, wasted and underweight) of children was used. These groups
include children with height and weight
appropriate for their age (i.e. , who are not in
anthropometric failure) and also children
whose height and weight for their age are
below the norm and thus are experiencing
one or more forms of anthropometric failure
(Nandy et al., 2005). These groups are
defined in greater detail in Table 1. The CIAF
excludes those children not in anthropometric failure (i.e., group A) and counts
all children who have wasting, stunting, or
are underweight (i.e., groups B to Y). It
therefore provides a single measure with
which to estimate the overall prevalence of
undernutrition. Svedberg originally
suggested six subgroups of anthropometric
failure (A to F). However, Nandy et al. (2005)
identified an additional subgroup: one that
includes children who are only underweight
but not stunted or wasted (group-Y).
Another theoretical combination would be
‘wasted and stunted’, but this is not
physically possible since a child cannot
simultaneously experience stunting and
wasting and be not underweight. The use of
CIAF may have profound implications on
prevalence reporting, nutrition programming and outcomes. Reporting of
accurate prevalence data and targeting
highest risk populations for appropriate
interventions using CIAF may help to

improve the quality and outcomes of global
nutrition efforts (Berger et al., 2006).
Mahgoub (2009) is of the opinion that the
use of CIAF methods more clearly identified
risk levels with mutually exclusive
categories to identify both prevalence and
higher nutritional risk with multiple anthropometric failures. However, Bhattacharyya
(2006) has explained its drawbacks too.
According to him, it does not satisfy the longfelt need for a combined clinical and
anthropometric classification that would be
useful for clinical as well as community
health work.
In this paper, we propose the use of three
new indices of childhood undernutrition.
These three indices are:
Stunting Index (SI) = Stunting / CIAF
Underweight Index (UI) =
Underweight / CIAF
Wasting Index (WI) = Wasting / CIAF
These indices do not have any unit.
RESULTS
Table 2 presents the prevalence of ST, UW,
WS and CIAF among the studied children.
Results revealed that 26.6%, 63.3% and
50.0% were suffering from ST, UW and WS,
respectively. The CIAF showed a higher
prevalence of undernutrition with 73.1% of
the studied children suffering from
anthropometric failure (CIAF), in
comparison to other three indicators (ST, UW
and WS).
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Table 2. Prevalence of undernutrition among the studied children aged 2-6 years
Age in years
Category
Stunted
Underweight
Wasted
CIAF

2
(n = 183)

3
(n = 230)

4
(n = 241)

5
(n = 240)

6
(n = 118)

Total
(n = 1012)

25.7%
65.5%
46.9%
75.9%

26.4%
56.3%
48.1%
67.5%

24.5%
63.5%
48.5%
72.6%

27.6%
65.3%
57.7%
75.7%

30.5%
69.5%
45.8%
75.4%

26.6%
63.3%
50.0%
73.1%

Percentages are given in the parentheses. n = number of individuals.

Table 3. Values of SI, UI and WI among the studied children.
Index

Boys CIAF = 358

Girls CIAF = 382

Overall (sex combined)
CIAF = 740

SI = Stunting / CIAF
UI = Underweight / CIAF
WI = Wasting / CIAF

124 / 358 = 0.346
310 / 358 = 0.866
261 / 358 = 0.729

145 / 382 = 0.380
331 / 382 = 0.866
245 / 382 = 0.641

269 / 740 = 0.364
641 / 740 = 0.866
506 / 740 = 0.684

Boys: ST = 124, UW = 310, WS = 261; Girls: ST = 145, UW = 331, WS = 245.
Overall sex-combined: ST = 269, UW = 641, WS = 506.

Table 3 presents the sex-specific as well
as sex-combined values of the three new
indices, SI, UI and WI. These sex-combined
overall values of SI, UI and WI were 0.364,
0.866 and 0.684, respectively. The
corresponding values among boys were
0.346, 0.866 and 0.729. Among girls they
were 0.380, 0.866 and 0.641, respectively.
DISCUSSION
Traditionally, ST, UW and WS have been
used as anthropometric indicators of
undernutrition among children (Bhattacharya, 2000, Lee & Nieman, 2003; Bose et
al. 2007). However, in studies evaluating
childhood nutritional status, the CIAF has
also been utilised and validated by
investigations from Kenya (Berger,
Hollenbeck & Fields-Gardner, 2006), South
Asia and Sub-Saharan Africa (Harttgen &
Misselhorn, 2006), China (Dang & Yan,
2007), India (Seetharaman et al., 2007),

Botswana (Mahgoub, Silo & Fields-Gardner,
2009) and Cameroon (Emina, 2009).
Nevertheless, a recent report by Bhattacharya (2006) has highlighted some
drawbacks of CIAF.
In this paper, we have attempted to
construct three new indices of childhood
undernutrition which deal with the problem
of ST, UW and WS relative to the total
prevalence of undernutrition. This is in
contrast to the rates of ST, UW and WS
which are absolute measures. The CIAF on
the other hand indicates total undernutrition
and does not provide any information on
the prevalence of ST, UW and WS relative to
total undernutrition. We feel that these three
new indices, SI, UI and WI provide
information on the significance of the
problems of ST, UW and WS with respect to
and relative to total undernutrition. We have
calculated these indices on three datasets
(Table 4) including ours. These values can
also be interpreted as percentages. For
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Table 4. Comparison of SI, UI and WI of different studies
Reference
Nandy et al. (2005) n= 24,396
Seetharaman et al. (2007) n= 405
Our study n=1012

example, in Nandy et al’s study (2005) the
value of SI was 0.756. In other words, ST
was observed in 75.6% of all cases of
undernutrition. Similarly, in our study ST,
UW and WS were observed in 36.4%, 86.6%
and 68.4% of all cases of undernutrition,
respectively. The obvious utility of these
three new indices is that they inform us about
the relative severity of ST, UW and WS with
respect to total undernutrition in a
population. The higher the value, the greater
the severity with respect to total
undernutrition. Moreover, in excluding
normal individuals, these indices are
undernutrition-specific.
There are several potential advantages
in using these new anthropometric indices
from the public health and primary health
care perspectives. Effective health
promotion and nutritional interventional
programmes can be formulated based on
these indices. For example, a higher value
of SI would indicate enhanced level of
chronic undernutrition relative to total
undernutrition necessitating increased longterm nutritional intervention. Similarly, a
higher value of UI would indicate greater
level of current undernutrition requiring
increased immediate intervention.
However, it must be pointed out that
these three new indices cannot replace the
conventional measures of undernutrition.
Rather they should supplement them in
order to get a more comprehensive picture of
the nutritional stress being experienced by a
population. It is not hypothised that these
new indices are superior to the other
anthropometric indicators of undernutrition.
However, what we suggest is that they
provide additional information on the

SI

UI

WI

0.756
0.723
0.364

0.788
0.681
0.866

0.266
0.294
0.684

prevalence of different forms of
undernutrition relative to the total level of
undernutrition in a particular population.
Moreover, further studies using these new
indices should be undertaken among
children of different populations,
particularly in rural areas of developing
countries. Such investigations would
generate a database of these indices for not
only regional and international comparisons
but also provide an insight into ethnic and
socio-economic variations in different forms
of undernutrition. Lastly, it should be noted
that given the fundamental importance of
undernutrition to child survival and health,
these indices may be of vital use and have
implications for policy makers and planners
alike.
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